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TIE ETIOLOGY OF GALISTON�S

The oroblem of gallstone formation has been one
of interest to Physicians since it was recognized as a
cause of gallbladder disease, but it was not until the
late 1800's that any serious investigation was �a.de of
the mechanism responsible.

Naunyn in 1892 made the

first exhaustive studies of the origin of gallstones,
and the theories of Aschoff (1924} are still widely
accepted today.
There are nearly as many theories of �allstone
format.ion as there are 1nvest1Q'.ators, but these tlieoriea
fall into a few general grou ps.

In this paper gallstone

formation will be considered under the headings of
incidence, infection, stasis, bile change_s and co11o1ds.
Gallstones may be 1op;1cally c1assified by the most
common theories of ori-in, that 1s, metabolic, inflam
matory and stasis stones.

Of tr� metabolic type, the

pure cholesterol stone is most common.

It is comuosed

of uure cholesterol crystals radiating from a comm1n
center.

An 1nterlacin� oattern 1s formed, but each

crystal extends from the cent�r to the outer surface of
the stone.

There is no protein matrix; the center ls

composed of crystalline cholesterol.

The other metabQ11e

stone, the pure calcium b111rub1nate, 1s small, black in
color, and irregular 1n fom.

It is interesting to note

that Aronsohn in September, 1940, doubts the existene&
of- su:eh a compound as b111rubin-calcium.

He believes

these stones to consist of polymers. containing pyrrole
derivatives whieb are degradation products of the bile
pigment •.
The inflammatory atones rnclude the combination
atone, composed of a central mass of cholesterol aroµnd
which are successive layers of a mixture of bile uigment
and cholesterol, and the cholesterol-pi�ent-calcium
stones havln� a center consist1n� of r�settes of calcium
b111rubinate and cholesterol, deposited in a protein or
colloidal matrix with a surrounding mass of calcium,
pigment and cholesterol.
Stasis stones are usually found in the common duct.
They are reddish brown to black in color and are aompos
ed of pure ealcium-pigment.

They are always laminated.

A rare type of stone, described by Phemister and
his associates (1939), is the pure calcium carb�rui.te
stone, which is found only in cases of complete cystic
duct obstruction.

INJIDENCE
Gallstones may occur at any age, but they are more
common in the older age groups.

Gross in 1929, report

ing the results of 9,531 autopsies, stated that the in
cidence is low before 30 years of age and increases
after that age.

Carter (1939), in a study of 239 gall

bladders at operation, •.did not find a�e to be a factor
in gallstone formation except in gallbladders whose
lumens were obliterated.

Truesdell in 1944 examined

the gallbladder by palpation during operation in 500
cases-, and found an increasi ng incidence by decades

from the second to the seventh, with a peak of 31 pe
£ent during the seventh decade and an average of 10
per cent for all decades.
Obesity has long been considered to be a factor in
the production of gallstones.

As in other diseases link

ed with obesity, there arises the difficulty of segrega
ting the effects of obesity itself from the inheritance
of similar body morphology and functional abnormalities.
Gross (1929) �ound that averag� weight of 143 men with
gallstones to be 131.65 pounds, and that of 174 women
with gallstones to be 126.07 pounds.

In 500 .men with

out gallstones the average weight was 119.24 pounds and
in 500 women without gallstones the average was 103.35

pounds.
factor.

He concluded that obesity waa a predisposing

Mentzer (1926), observ1-ng

the weights of

patients with gallstones, came to the same conclusion.
That gallstones occur more frequently in women than
in men is a premise accepted by nearly all investi�ators.
Robertson (1945), in a review of 4761 autonsies from the
Mayo Clinic, renorted an incidence of 30 per cent in
women and 16.6 per cent in men.

Gross reported a simi

lar incidence, the proportion being two to one.

Trues

dell, in 1933, found an incidence of 9.8 per cent of
symptomless gallstones discovered in women during ab
dominal operation, indicating that the actual incidence
of gallstones is probably considerably higher than re
ported.
Gallstones have frequently been linked with diff
erent diseases, esnecially those in which there is a
disturbance of metabolism.

Wilder in 1926 found stones

present in 28 per cent of 58 cases of diabetes which
were autopsied at the Mayo Clinic.

One year later Joslin

stated that the removal o: gallstones would improve or

prevent diabetes and found that 5.1 per cent of all dia
betics came to surgery for �allstones.

Dry and Tessmer

in 1941 found an incidence of gallstones of 27 per cent
in 182 cases of diabetes.

In the report by Robertson

(1945), referred to above, there was an incidence of 37
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per cent in 205 diabetics, and 21 per cent in 956 cases
without diabetes.

Gross reported 25.7 per cent in dia

betics and 15.6 per cent in non-diabetics.

Hunt and

De

frates, 1n 1932, investigated the cholesterol content of
gallstones in diabetics and stated that they could draw
no positive conclusions as to any higher cholesterol con
tent 1n gallstones of diabetics.

Gross found not only a

relationship between diabetes and cholelit iasis, but
•also atheroma and chronic nephritis.
Giffin in 1917 reviewed 17 cases of hemolytic jaun
dice and found an incidence of gallstones of 58 per cent.
These stones were the pure pigment type and were apparent
ly associated with the excessive excretion of bile pig
ment 1n this condition.

5.

INFECTION
Naunyn in 1896 investigated the or-igin of gallstones
and formulated the explanation that infection of the gall
bladder or bile ducts, following bile stasis, was the
only basic mechanism of stone formation.

He contended

that stasis in itself is not sufficient explanation,
since the frequent occurrence of hundreds of gallstones
in a gallbladder, all similar in structure, points to a
simultaneous origin.

Such a coincident origin, he main

tained, is irreconcilable with the usual long duration
of stasis.

He proposed that infection is the secondary

exciting cause, ari�ing from duodenal backflow and an

ascending infection of the bile passages, especially the
gallbladder, with Bacillus coli communis.

This produces

a "stone-fanning catarrh of the vesicular mucous membrane".
The action of the bile on the mucous membrane of the gall
bladder contributes to this catarrh and results in a deg
eneration of the mucosa with the production of debris
which is the mother substance of gallstones.

The epith

elium also produces abundant cholesterol, forming the
source of cholesterol stones and the cholesterol of mix
ed stones.
Aschoff in 1924 differentiated two different forms
or stones; inflammatory and non-inflammatory or metabolic.

6 •.

He thus refut.ed the theory of a common cause for all

calculi.

"If one variety of atone is differentiated

by so many characteristics from all other stones, it
must have an e-special origin. 0

He pointed out that

bacteria acting on the mucous membrane of the gall
bladder must leave s-o:ie histologioal evidenoe, and
emphasized the fact that there is no evidence of bac
terial action.in the case of the pure cholesterol
atone.

Aschoff placed the origin

of gallstones 1n the •liver cells.

or the cholesterol

This theory will be

discussed more fully under the section on bile ·changes.
Rous, McMaster and Drury in 1924 intubated the
common duct of the dog for the collection of bile, and
f ound concretions present in the glass and rubber tubing
used.

These consisted of calcium bilirubinate and cal

cium carbonate.

These experiments were performed under

conditions insuring the absence of inf ection and stasis,
thus excluding these factors 1n the stone formation.
They concluded that infection and stasis, are not es
sential elements to stone formation, but are merely
favorable to 1t.

Aschof f (1924) points out, however,

that these concretions are only sedimentations, and not
true stone formations.
The majority of bacteriological investigations
have yielded evidence of infection in calculous gall
bladders.

Escherichia coli was demonstrated in the

7.

bile by Kramer in

1907.

He was also able to experi

mentally produce precipitation of cholesterol in vitro
by innoculation of the bile with this organism.

Rov

sing in 1915 round the gallbladder to be sterile in 54
per cent of 320 cases of cholelithiasis.

Moynihan in

1925 found an incidence of 95 per cent of calculus gall
bladders to be infected.

In the same year, however,

Denton denied that the role of infection was important
in calculi formation, for he was unable to demonstrate
infection in the wall of calculus gallbladders, and
Mentzer (1927), in the study of gallstone pathogenesis,
concluded that infection was not essential.

Gordon

Taylor (1930) in a study of 50 cases of cholecystectomy
found 70_ per cent of the gallbladders to be infected,
the same figure reported by Walton in 1937.

Carter et

al in 1939, reported a low incidence of both infection
and previous pathology in a study of 239 patients coming
to operation.

In 1928 1�ilkie cultured the bile and gall

bladde� wall from 50 cases of cholelithiasis and found
bacillus coli present in 6 per cent of the cases, but
the bile was sterile in the majority.

The gallbladder

wall contained streptococci in the submucosa in 42
per cent.

He studied the effect of injection of strep

tococci into the rabbit's gallbladder lumen, wall, and
vein.

Calculi were formed in those whose gallbladder

8.

walls were injected, and cholecystitis resulted.

No

effect was discovered in those who were tnjected intra
luminally, while intravenous injection produced chole
cystitis only.

He concluded that the mechanism of

infection of' the gallbladder was by blood-borne strep
tococci, resulting in an intramural infection.

Illing

worth (1929) reported the formation of a large semi
solid calculus in a rabbit following the feeding of
cholesterol and intramural injection of streptococci.
No analysis of the calculus was reported.

Hospers in

1932 failed to produce gallstones in rabbits by the
direct infection of the gallbladder with bacillus typho
sus combined with an intraperitoneal injection of a
cholesterol emulsion.

Dickinson (1929) gives an in

cidence of typhoid bacilli in calculus ga�lbladders as
high as 10 per cent, but presents no data or reference
for his statement.

Andrews, Schoenheimer, and Hrdina

in 1932 studied the absorption by. tpe gallbladder wall
in the infected and normal gallbladder of the dog.
They found no differential absorption of either bile
salts or cholesterol in the normal gallbladder, but in
the infected gallbladder they found rapid absorption or
bile salts with very little or no absorption of ch-0lesterol.

They concluded that infection might produce

a differential absorption of bile salts and result in
the precipitation of cholesterol.
9.

STASIS
Although the majority of investigators feel that
stasis of bile- is a eontributory factor in gallstone
formation, few bel�eve that it 1s an essential one.

As mentioned in the d1scuss1on of infection, Naunyn
(1896) maintained Lhat stasis was a necessary prerequi
site to stone formation, but that infection and nuclei
must be present also.

Aschoff in 1924 states, "that

three different processes play a part in the formation
of human gall-stones; metabolic disturbances, infection
and bile stasis; and that according to the predominance
of any one or these conditions in the extra-hepatic sys
tem of bile passag,es, entirely different stones are
formed.

One cannot, therefore, speak of a single cause

of gall-stone formation, at least not in man."

He dis

agrees with Na��n's theory of nucl�1, holding that the
precipitated cholesterol itself becomes the nucleus of
the stone.

Rous and his co-workers in the same year in

their experiments on doge intubated for bile dra!na e,
concluded that nuclei produced by injury to the liver
are the �rigin of the stone, and that stasis favors
stone formation by leading to an accumulation of organic
debris which serves as a matrix for precipitation.
Mentzer in 1927 reporting on the pathogenesis of chol
esterol stones stated that nuclei v.ere invariably ppesent
10.

and were "possibly essential" to stone .onnat1on.
not feel that stasis was an essential factor.

He did

Andrews

in 1933, Green et al in 1936, and Biagard ahd Baker in
1940 did not think biliary stasis alone produces gall
stones.

Carter and his associates in 1939 observed 239

gallbladder patients coming to operation and reported
stasis present in almost all the calculous gallbladders,
but found nearly as high an incidence of stasis in the
non�calculous.

They concluded that stasis was a strong

factor in stone production but that other factors must
also be present.

In 1939 Phemister and his associates

maintained that stasis without inflammation results in
pure cholesterol stone, and in the oresence of inflam
mation or infection, calcium and bile pigment tends to
be laid down on preexisting stones in the gallbladder.
They found little variation in the stones formed except
that the former contain little or no calcium, the source
of the calcium in their opinion being the gallbladder
¥rall.

Schaefer (1932) contended that stasis allows ab

sorption of fluid from the bile resulting in precipita

tion of cholesterol, but Robertson (1945) calls attention
to the natural concentration of the bile in the gallblad

der and its quiescence during the process, and points
out that ·this "can hardly be accused of producing gall
stones" •.
11.

In 1927 Whitaker produee-d stones in the cat by
stasis 1n the absence of infection or liver damage.
Copher and Illingworth in May, 1928, repeated Whitaker's
experiments and found that only those cats which received
iodized oil for roentgenograms had st�nes present.

They

were unable to produce experimental cholelithiasis by
stasis, alone, or combined with infection.

;'./hitaker in

19Z9 reported that, on analysis, the 2tones he previous
ly reported were only blood clots.
In an effort to exolain the stas-is theory of gall
stone formation, some authors have sought·causes other
than 1n.fectious or inflammatory.

Tight abdominal bind

ing with corsets, pregn�ncy, sedentary habits, and the
sthen1c habitus have all been blamed for a stasis which
leads to gallstone tormation.

Boyden (1925) supports

this in that he reports that the intrinsic musculature
of the gallbladder has no effect in its emptying, and
that intra-abdominal and liver pressure are the �ain
factors.

In observations of various laboratory animals,

Hig�ins and Mann (1926) found the main factor in the
emptying of the gallbladder to be the intrinsic muscula
ture -o� the gallbladder wall.

They did not find the

intra-abdominal and l iver pressure to be important.
the sarre year McMaster and Elman studied the emptying
of the gallbladder in dogs by means of an artificial

12.

In

biliary fistula.

They discovered the pressure exerted

by the do�'s �allbladder to be equal tp one hundred
millimeters of bile, and also found that th s nressure
increased to two hundred millimeters following the intake
of food.

Copher and Illingworth (April, 1928) investigat

ed the emptying mechanism of the gallbladders Q-f cats,
do�s and monkeys with iodized oil and roent�enograms,
and concluded that the intra-abdominal nressure was in
significant.

Instead, they found that the gallbladder

musculature, the elasticity of the gallbladder wall, and
the ebb �nd flow of fresh liver bile were the only import
ant factors.

'1hitaker (1927) observed that stones could

be forced out of the g allbladder of the experimental
animal by the feeding of fat.

He c·oncluded that the

contents of the normai gallbladder are expelled by its
musculature.

B1reh and Boyden (1�30) offered the ex.

planation that inhibitory reflexes might arise from
chronically infected portions of the gastro-intest1nal
tract and produce disfunction

or the gallbladder.

Gerdes

and Boyden in 1938 suggested that in pregnancy "hyper
tonic condition of the common duct sphincter due to a
physiologic dyskinesia, 11 in turn due to the changed
hormonal content of the body exists.

In 1936 Potter

found in 75 per cent of 390 cesarean sections at term
a large distended gallbladder.

13.

He sug�ests a functional

motor disturbance combined wi-th "metabol ic disfunction".
Mann and Higgins (1927) observed the �mpty1ng of the gall
bladder in the pregnant dog and the non-pregnant dog.
In the pregnant dog they found no emptying of the
gallbladder following a fat meal, but rapid emp�ying
occurred in the non-pregnant dog.

They thought the de

lay 1n emptying might be due to either the fat leaving
the stomach more slowly or to an increased intra-abdomi
nal pressure, and concluded that pregnancy might be a
factor 1n the production of gallstones.

1 4•

CHANGES IN THE BILE
When consideration 1s made of the bile constitu
ents, it is seen that the bile is a fluid containing
many different crystallo1ds and coll�1ds, in solution,
dispersion, and suspension.

The physical state of the

solute depends upon concentration, particle size, iso
electric value of colloids present, and pH.
Because of the common occurrence of cholesterol
stones, many investigators have searched for a dis
turbance of cholesterol metabolism as the cause of
gallstones.

It w�s assumed that an increase in the

blood cholesterol would result in an increase in the
bile cholesterol, and in turn would result in the pre
cipitation of cholesterol in the gallbladder.
Fowweather and Collinson (1927) reported a defi

nite increase in blood cholesterol in 46.7 per cent of
81 cases of cholelithiasis.

Carter et al did not find

any significant 1ncr�ase in the blood cho)esterol 1n
a series of 239 gallbladder patients.

Rothschild and

Rosenthal in 1916 agreed that the patient with chole
lithiasis usually shows a hypercholesterolemia, but
two. years later Rothschild and Hlensky concluded that
"the cholesterol (blood) was found to be a various and
dubious thing in diagnosis" of a:allbl-adder disease.

15.

Wilensky in 1924 in a study o� cholel1th1as1a pat:ents
before and after operation found that a hy�rcholeater
emia was present, and that it decreased following �he re
moval of stones from the ducts, thus placing the etiology
of the hypercholesteremia on an obstructive basis.

In

the same year Campbell lends support to W+lenaky t s
theory for in his patients he finds that the blood
cholesterol is usually raised 1f the patient is jau ndicedr
but 1f not the cholesterol is within normal limits.
Wilensky (1924) and Riegel et al (1937) felt that an
alteration of the liver cell function was to blame.
The more frequent occurrence of gallstones in women
than in men has usually been attributed to hy.�ercholes
teremia in pregnancy.

It is also generally accepted

that gallstones occur more frequently in parous than in
non-parous women.

Robertson and Dochat in 1944 attacked

this assumption very emphatically and presented an ex
cellent review of statistics to prove their objection.
According to these authors, Schroeder in 1892 found
that

11

90 per cent of all women who had gallstones had

also borne children".

Schroeder's figure 90 per cent

came from 1,140 postmortem examinations 1n which ha
found 141 cases of gallstones.

Of 558 women there

were 115 (20.6 per cent) instances of gallstones.

In

110 of these 115 women with gallstones, it was known

16•

whether or not they had borne children.

Of these, 11

(10 per cent) had never borne children and 99 (90 per
cent) had borne children.

This would seem to indicate

that pregnancy is an etiological factor in gallstone
formation, but from records on all types of patients
Robertson and Dochat find that 79.25 per cent of all
In a combined series of 34

women have had children.

authors they found that of 14,016 cases of gallstones
in females 11,154 have had children, that is, an inci
dence of 79.6 per cent.
viewpoint.

Gross (1939) supports this

He found in 9,531 autopsies that of the wo

men with gallstones, 89.8 per cent were married and of
those without gallstones 86.6 per cent were married.
Any theory 9f hypercholestennia in gallstone
formation must assume a direct relationship between
the blood cholesterol and bile cholesterol.

Dewey

in 1916 reported that this relationship exists.

He

injected an emulsion of cholesterol intraperitoneally
and intravenously into rabbits, and renorted that the
cholesterol does not accumulate in the bloodstream, but
is deposited in various organs of the body, while elimi
nation of cholesterol through the bile and the urine
is increased greatly.

He

also found that the rise in

blood cholesterol 1s about equal 1n the two types or
injections, after the initial rise of the intravenous
17.

route is eliminated or deposited.

He reported the

finding of accumulations of cholesterol crystals in
the rabbit's gallbladder.
Aschoff in 1924 stated that the cholesterol
content of rabbit's bile is dependent upon the choles
terol level of the blood.

According to him, the rab

bit's bile contains practically ·no cholesterol, but
if the cholesterol content of the blood is increased
by artificial cholesterol feeding or by extirpation
of the adrenals, cholesterol is excreted by the liver
into the bile.
In 1933 Wilke and Doubilet ligated the cystic duct
of the dog and emptied its gallbladder of bile.

Common

duct bile o ? known cholesterol content was then intro
duced.

At the end o� twenty four hours, the contents

of the gallbladder were analyzed.

They found that if

the cholesterol content of the bile was decreased be
low that of the blood, in twenty four hours it would
increase to nearly its original concentration.

If the

cholesterol content of the bile was increased, in twen
ty four hours its concentration was lowered consider
ably.

They concluded that the gallbladder mucosa func

tions much like a semipermeable membrane, and that the
amount of cho�esterol passing through the mucosa, and
the direction of its passage, depends upon the blood
bile cholesterol ratio.

Walsh, 1n 1933, repeated Dewey's experiments with
cholesterol injection of rabbits, and was unable to con
firm Dewey's findings.

Walsh reports that in no case

did he find cholesterol crystals in the gallbladder,
and that the deposition of cholesterol was not present in any of the organs other than the liver.
Naunyn {1892) concluded from experiments on
the dog with a bile fistula that the cholesterol of
the bile 1s independent of the blood and the diet.
Dostal and Andrews in 1932 repeated this experiment
on the dog and confirmed Naunyn in that the feeding
of cholesterol does not produce an increase in the
biliary cholesterol.

They also studied the effect of

cholesterol feedings on a diabetic patient with a
biliary fistula and reported that no change in the
cholesterol content of the bile was observed.
Riegel, Ravdin, and Rose in 1937 studied the
relationship of the bile cholesterol to the bihood
cholesterol, and to g.alloladder di'sease in 32 patients
· before and after operation,

and

found that there

wa� a definite relation of bile cholesterol content
to the degree of liver damage.

In the severely damaged

livers {seven patients), identified at operation, the
bile cholesterol was uniformly low.

No relation be

tween blood and bile cholesterol was found.
19.

If an increase of the cholesterol content of the
bile will oredisoose to calculi formation, the source
of biliary cholesterol becomes of great importance.
The work of Riegel (1936) raises a question as to how
important this is, however, for in an analysis of human
gallstones he found no relation between the constituents
of these gallstones and the varying concentrations of
the constituents of the bile.

There is a possibility

that had the bile been analyzed at the time the stones
were formed, a significant r�lationsh1p miaht have been
found.
Elman a�d Taussig (1931) determined the cholesterol
content of liver and gallbladder bile in dog and man.
The cholesterol content of the gallbladder bile was high
er in both, even after allowing for the concentrating
effect of the gallbladder as determined by the bilirubin
content.
Elman and Graham in 1932 wrote that a disturbance
in the cholesterol secretory function of the gallblad
der wall is a factor in the oatho�ens1s of the straw
berry gallbladder.

They tied the cystic duct of the

dog and found that the content of the cholesterol 1n the
gallbladder was increased, while the bilirubin content
was not.

They found the increase in cholesterol esnec1ally

marked 1f the gallbladder mucosa were inflamed.

20.

Whitaker

(1934) points out that inflammatory exudates are rich
in cholesterol, and this may be a factor in the choles
terol increase in the inflammed gallbladder.
Aschoff, in his lecture, The Origin of Gallstones,
delivered 1n this country in 1924, definitely disagrees
with Naunyn's contention {1892) that th� cholesterol
arises from the mucous membrane of the gallbladder.
Aschoff maintained that the source of cholesterol was
the liver cells.

His evidence for this theory is main

ly his work on dogs, in which the dog bladder was ligated
and the contents aspirated.

One half of the aspirated

bile was reinjected, and the cholesterol content was
determined in the remaining half.

After some weeks,

the gallbladder was removed, and the cholesterol of the
bile present was determined.

This was found to be

slightly increased in some, and decreased in others.
Irritation of the mucosa was found in those gallbladders
with an increased cholesterol content.

Aschoff thus

contended that if Naunyn's theory of an active choles
terol secretory function of the mucosa were correct, the
cholesterol of the bile should be increased appreciably.

Dostal, Hrdina and Goff (1932) observed six Patients

with common duct obstruction and found a normal gallblad
der cholesterol content.

They observed the effect of

ligation o� the cystic duct in 36 dogs and found a

2L

gallbladder cholesterol content of 57 milligrams per
cent at the end of twenty four hours, and 51 milli�rams
per cent at the end of three to eighty days.

They con

cluded·that the gallbladder mucosa does not secrete cho
lesterol.

Andrews, Dostal, and I-!rdina (1933), in a

s·milar experiment, found that the cholesterol level of
the bile was increased only in those gallbladders in
which infection was present, and concluded that the
normal gallbladder mucosa does not excrete cholesterol,
while the infected gallbladder mucosa does.

ln this

they were in partial concurronce with Naunyn, who, while
he believed that the normal mucosa has a cholesterol se
cretion, did note an increased secretion in the infected
mucosa.
Sperry in 1927 did not feel that the biliary

route was an important one in cholesterol excretion.
He studied the amount of fecal cholesterol in dogs
with a biliary fistula.

These dogs were placed on a

lipid free diet, and it was found that there was no de
crease,-in the amount of cholesterol in the feces, even
though no bile could reach the intestinal tract, and no
lipids were taken by mouth.

He concluded that the over

whelming proportion of the cholesterol excreted is ex
eretad by the intestinal mucosa.

Phemister et al (De

cember, 1931) could find no increase in the cholesterol

22.

content of gallbladders with the cystic duct ligated, in
the dog.

Winkenwerder (1930) states that mucus is the

normal se�retion of the gallbladder mucosa.
Sweet in 1938 contends that cholesterol is absorbed
rather than excreted by the gallbladder mucosa.

McMaster,

Brown, and Rous, {1923) found that the constituents of
the bile, including the cholesterol, decreased in con
centration in cases of biliary obstruction.

Whitaker

(1929) demonstrated that solid and lipid �ubstances were
absorbed by the gallbladder mucosa.

Boyd in 1923 de

termined the blood cholesterol level in normal rabbits
and in rabbits whose gallbladders had been removed.

He

gave cholesterol feedings and found those rabbits with ·
the gallbladder present to have the higher blood choles
terol levels.

He concluded that the gallbladder absorbs

cholesterol.
Mentzer {1927) feels that a local disturbance in
the gallbladder wall may interfere with the absorptive
powers of the mucosa and thus be a factor in gallstone
formation.

Andrews, Schoenheimer, and Hrdina (1932)

were unable to discover any absorption of cholesterol
in the infected gallbladder of the dog.

The work of

Wil1re and Doubilet has already been mentioned,. page 18.
Ignoring the fact that cholesterol is in a colloidal
state in the gallbladder, they held that the mucosa

23.

acted as a semi-permeable membrane, and that the g�ll
bladder cholesterol content was dependent on the bloodbile cholesterol ratio.
A mechanism which might explain many of the experi
mental findings 1a that of concentration of the choles
terol by the gallbladder.

This is widely acc�pted, and

the difference in concentration of the liver and gall
bladder bile is well known.

The accompany.1ng chart from

eiss (1944) shows these relative concentrations.
Constituents

Liver Bile,

Water
Solids
Mucin & pigment
Alkali cholates
Taurocholate
Glycochola te
Saponified fatty acids
Cholesterol
Lecithin
Fats
Soluble salts
Insoluble salt.a

%

97.46
2.54

0.515
0.904
0.218
0.686
0.101
0.150
0.065
0.161
0.725
0.021

Gallbladder Bile,
83.980
16.020

4.437

8.723

1.934
6.789

1.058
0.870
0.141
0.650
O. 302

0.2:,6

Ravdin et al (1932) ligated the cystic duct of the
dog and found that following injection o·r normal saline
solution there was a definite decrease in total fluids
in the gallbladder within a few hours.

They also noted

that the concentration of the fluid in the gallbladder
soon approached that of the bloo dstream, and that the
absorption of chlorides increased as the fluid became
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%

more concentrated.

Rous and McMaster (1921) stat�d that

the bile is concentrated from ten to twenty times by the
gallbladder.
The disturbance of the relation of one constituent
of the bile to another might lead to precipitation.

The

most �enerally accepted example of this is the relation
of bile salt concentration to cholesterol concentration.
Reinholt et al (1937) found the nonnal concentration of
cholates to exceed 150 m1lli equivalents per liter.

He

found great variation in the cholesterol concentration,
being 140 to 1,010 milligrams per cent.
It has long be.en recognized that human gallstones
will dissolve in tt1e bile of different animals.

Na.unyn

in 1892 was one of the earlier workers to describe this
phenomenon.

Aschoff (1924) ascribes the dissolving of

the cholesterol stone to the lower cholesterol content
of dogs' and oxes' bile, and to the presence of bile
acid derivatives in greater concentration than 1s
mally found in the human gallbladder.

nor

He felt that

the solvent action depends not only on the total amount
of the bil� salts present but also upon their relative
nrooortio s, the desoxycholates being more effective
than the taurocholates and the glycocholates.

He states

that since the formation of b1le acids 1s dependent on
the diet and excretory power of the liver, that a liver
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bile could be produced with too much cholesterol or too
little bile acids, especially if it could be shown that
the bile acids are built by the liver cells at the coat
of the cholesterol.
In November, 1940, Aronaohn investigated this prob
lem, placing 13 human gallstones in the gallbladder of
dogs.

Eight of these dissolved completely, four decreased

in weight and one increased in weight.

He found that

the degree of solution was directly proportional to the
cholesterol content of the stone.

He concluded that

the reason for solution was the low cholesterol content
of the dog's bile.
With the discovery of the solvent nowers of bile
salts for cholesterol, there arose the question of a
normal and a critical ratio of bile salts concentration
to cholesterol concentration.

In the opinion of Schoen

he1mer and Hrdina (1931), the bile salts and cholesterol
form a specific complex with water, which separa½es if
the normal ratio is disturbed, and results in the pre
cipitation of cholesterol.
the normal ratio at 25 to 1.

Hammarsten in 1924 placed
Reinhold et al (1937)

found the lowest normal ratio to be 10 to 1.

Andrews,

Dostal, Goff and Hrdina (1932) found in nine controls
a ratio of 25 to 1, and in 51 diseased gallbladders a
ratio of 2.5 to 1.

Andrews, Schoenhe1mer and Hrdina
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in 1931 reported the normal level to be 20 o�
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to l,

and the critical level at which cholesterol will precip
itate to be 13 to 1,. From experiments on the dog they
found that the infected gallbladder contains definitely
less bile salts than the normal gallbladder, but the
cholesterol content is not decreased, and therefore con
cluded that there is no differentail absorption of bile
salts or cholesterol by the normal gallbladder, but that
the infected gallbladder resorbs bile salts rapidly and
cholesterol very slowly if at all.

From fresh surgical

specimens they found confirmatory evidence.

They state

that decrease in the bile salt content of the gallbladder
results in precipitation of cholesterol.

In 1931 these

same workers reported their findings in nine operative
gallbladder cases in which the average bile salt-chol
esterol was 3.4 to l.
Newman in 1933 thought the critical ratio of the
bile salts to cholesterol to be slightly higher than
previous workers, that is, 18 to 1.

In

1939 Carter et al, in a study of 100 gallbladder

cases at operation, found no great difference between
the bile salt cholesterol ratios of the calculous and
the non-cal culous specimens.

He reports an average

ratio of 7.7 to l in the non-calculous and 7.5 to 1

in the calculous gallbladders.
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Andrews, Hrdina, and Dostal in 1932 suggested that
the liver may secrete bile of such low bile salt-choles
terol ratio that it is at or near the crtical level for
orecipitat1on.

lf the gallbladder mucosa is capable of

selective absorption of bile salt, this would be of add
ed importance.
Goff et al in 1941 ligated the dog's cystic duct
for 51 days and at the end of this time found no altera
tion in the bile salt-cholesterol ratio.

He concluded

that there was no differen�ial absorption of bile salts
by the normal gallbladder.
�alsh and Ivy in 1930 were able to dissolve gall
stones in dog's bile, but round that soaps, especially
those of. lauric acid, would also dissolve cholesterol
stones.

From this they concluded that the bile salts

were not the only factor 1n cholesterol solubility, but
that the fatty acids· present in the bile are also import
ant.

In 1922 Rosin, working with the solution of human

gallstones in dog's bile, also felt that the fatty acids
are a factor in holding cholesterol in solution.

"The

marked difference between man's and dog's bile 1n the
ratio or the nonsaponifiable (cholesterol) to the
saponifiable (fats and fatty acids} substanc�s is the
most probable explanation of why the bile of a dog's
gallbladder dissolves human gallstones.u
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She felt

salts or acids might aid by decreasing the pH or combin
ing with fatty acids to form cholein1c acid whtc� would
hold cholesterol in aqueous solution.
Dolkart et al in 1937 confirmed the findings of the
importance of fatty acids in holding cholesterol in sol
ution.

They ma intain that the low amount of the fatty

acid fraction of the bile is the reason for the frequ-ent
occurrence of gallstones in man, oxen, and hogs, and
that �he high amou nt of this fatty fraction in the dog
and sheep is the reason for its infrequent occurrence
in these animals.

In 1938 these workers state that the

fatty acids, not the bile salts, are the main factor
in holding choleste�ol in a solution:
Weiser and �ray in 1934 integrate the functions of
bile salts and fats in holding cholesterol in solution.
According to these workers the disappearance of alk�li
chelate by conversion to glycocholic acid or by resorp
tion results in the precipitation of cholesterol, which
is most marked in bile with a high cholesterol content.
The function of the alkali cholates is to maintain the
fat in the form of an emulsion and the cholesterol in
the dispersed state.

With the decrease of alkali cholates,

the excess cholesterol collects around the fat droplets
which tend to coalesce as the cholate is gradually re
moved.

Th is results in clumps o� fat and cholesterol,
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and the process of solution of the finely divided par
ticles and subsequent reprecipitatfon in large needle
like crystals binds the mas_s tog�ther.

They feel that

it 1s t his process which produces the pure cholesterol
stone consistin� of relatively lar�e crystals of chol
esterol to�etner with a �mall amount of enclosed fat.
The function of the fat is then to bring together the
particles of precipitated cholesterol and to dissolve
them and thus resu lt in the growth of interlacing
crystals.
Elton and Deutsc h in 1933 in a study of the bili
rubin content of cat and dog bile, found from observa
tion or the refractive index and by quantitative bili
rubin determination, that a critical concentration ex
ists at which the bilirubin tends to precipitate out
of solution.

They concluded that "a limit of crystal

loid concentrations exists, af fecting billrubin bile
acid derivative and cholesterol and effedtive when the
critical concentration is exceeded and that their fur
ther concentration can be only as suspended colloids
or undissolved crystals."

Reinhold et al (1937), how

ever, found the bilirubin solubility (as well as the
cholesterol) to depend upon the amount or fatty acids
and bile acids present in the gallbladder.
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Closely related to the bile salt-cholesterol
ratio is the function of the hydrogen ion concentration
1n holding the cholesterol in solution.

Morrison et al

(1938) found the normal human gallbladder bile to have

a pH of 7.0 to 7.5.

These figures corresuond closely

to those given by Reinhold and Ferguson ( 1929) of 7.1
to 7.3.

This pH is considerably lower than that of the

liver bile,

This immediately suggests a mechanism for

the precin1tat1on of the bile constituents.
Mentzer in 1927 considered a change in pH-to the
alkaline side a necessary urerequieite to stone forma
tion.

Feldman, Morrison and Krantz (1937) attempted

to show that the pH of the bile was the important_ factor
determintug the degree of solubility of gallstones in
the bile of different animals.

They found that the bile

of the guinea pig, whose normal gallbladder bile pH is
8.9, would not dissolve the human gallstone, whereas
the bile of the dog, with a pH of 6.2, would cause com
plete dissoluti�Jn of the st.one.

Feldman, Morrison, Carr

and Krantz (1937) were able to make the normal dog's
acidic bile alkaline by the production of a fistula
which prevented concentration of the bile by the gall
bladder.

The effect of this was to lessen the dissolving

effect of the bile on human -a11stones, and in some
instances, the gallstone actually increased 1n wei�ht.
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To them this indicated that al�aline bile may have
some tendency to favor the formation of stones.

Dol

kart and Jones {1937), working with bile from men,
oxen, and doge, were unable to find any significant
difference in the relation of solvent action of acid
and alkaline bile on human gallstones of the mixed
cholesterol type.

They did find that the bile of the

animals showed distinct differences in the relative
concentrations of the fatty acid-cholesterol fraction
of the bile.

They concluded that the solubility of

human gallstones in the bile of these animals is related
not to the pH, but t o the concen'tration of fatty. acids.
Althou@;h the exnerimantal work of Dolkart and Jones
would seem to be in comolete variance with that of
Feldman, the latter author states, in March, 1937,

that he is "fully cognizant" ·t.h...at the oH of the bile
is the resultant of other factors.
The appearance of calcium carbonate gallstones in
the gallg�adder has been comprehensively reviewed in
recent years by Phemister and his associates {1939).
Naunyn, in 1896, felt that the calcium of these stones
was a secretory product of the inflamed mucous membrane
of the gallbladder.

In his opinion, the calcium is not

as a rule dissolved in the hepatic bile, but is first
formed only under certain cond:lt1ons, as a direct
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secretion or decomposition product of the enithelium
of the bile passaqes.

Andrews and Hrdina (1931) were

unable to confirm hie t1eory of a secretion of calcium
oy the gallbladder wall.

They ligated the cystic duct

1n do�s and observed a gradual absorntion or calcium.
Futhermore, th�y found that this absorption was increaa
ed w1th inflammation.

Phemister et al {December, 1931)

felt that complete obstruction of the cystie duct is
followed by extensive degeneration and fibrosis of the
gallbladder and that it may result 1n IDarked calcifi
cation of its wall and even of the cystic duct at the
point of impaction of the stone.

In October, 1931, these

same workers reported on a series of 7 cases of calcium
carbonate deposits in the gallbladders of patients with
cystic obstruction.

They felt that the mode of develop

ment is that a cholecystitis results in an inflammatory
stone,

This stone becomes impacted in the cystic duct

or the ampulla of the gallbladder,.resulting in the
excretion of calcium carbonate by the gallbladder wall.
In one of their cases they found a seperate calcium
carbonate stone, and in six cases they found a layer
of calcium carbonate encasing a preexisting cholesterol
pigment stone.
ln 1932, Phemister et al observed 48 consecutive
cases operated on for gallstones, and in 11 cases (22.9
per cent) found cystic obstruction by a stone.
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Six of

these had a mild chronic cholecystitis with a separate
deposit of r.a1cium carbonate- in the gallbladder; in one
instance this deposit consisted of a mucous susoension
of calcium carbonate, in four, it consisted of semi
solid paste, while in one it consisted of a solid.

Five

cases out of the eleven showed more marked inflarrnriation
of the gallbladder with the typieal oicture or hydrops.
To th�m this renresented additional evidence for Phemis
ter'a theories presented in 1931.

In dogs they fo�nd

calcium carbonate to preci�itate when a combination of
cystic duct obstruction and low grade chronic inflamma
tion of the gallbladder wall existed.

Analysis of the

gallbladder contents indicated that the calcium and the
carbonate ions had exceeded the solubility nroduct
conAtant, resu;lting in precipitation.
In 1934, Phemister explained the occasional occur
rence of calcium carbonate nuclei in gallstones in this
manner:

"An

inflammation in the gallbladder, interfer

ing with free filling and with concentration of the bile,
may be responsible for the precipitation of calcium,
forming nuclei on which subsequent deposits of oigment
and cholesterol are made."
Cutler and Boggs (1935) reported a case of a cal
cium carbonate gallstone and supported Phemister in the
theory that obstruction of the cystic duct initiates
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the deposition of calcium.

alsh and �vy (1930 obstruct-

ed the cystic duct in four dogs and reuorted the occur
rence of calcium "gravel" at autopsy.

Cameron et al

(1938) found evidence of calcium carbonate deposition
in three of five consecutive cases of cystic duct ob
struction at operation.

Schubb and Goodstone (1933)

reported a case of cystic duct obstruction by a stone
largely consisting of calcium carbonate.

They found

the gallbladder to conta1n a milky white fluid with a
heavy sediment (15 per cent of the total volume) of
amorpbus calcium carbonate.

They found the blood serum

calcium of this patient at operation to be 14.4 milli
grams per cent.

One year �ater it was normal.

Rous

et al {1921) found deposits of calcium carbonate on the
rubber and glass tubing used in the drainage ot liver

bile of the dog.

He felt that the infrequent occurrence

of such deryosits in the gallbladder is due to the lower
ed pH.
The frequent finding of pancreatic ferments in
diseased gallbladders at operation raises the question
of its relationship to the formation of gallstones.

In

those patients who oossess an anatomic relationship in
which

·trsung' s duct, as well as the cystic duct, empties

into the common duct proximal to the ampulla of Vater,
pancreatic juice ls normally present in the common duct •.
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Wolfer 1n 1939 compiled stat1st1cs from 652 specimens
of the biliary passages in humans.

He found that 43.4

per cent possessed a common uathway for the pancreatic
and biliary juices.

In 1931 this author in exoeriments

on the dog found that if India ink were placed in the
common duct of the dog, it would appear in- the gallbladder.
He concluded that pancreatic reflux may be an important
factor in the production of gallstones.

Bisgard and

Baker in 1940 found that in experimental obstruction
of the common duct of goats, b1le uigment stones formed.
'?hey had ligated the common duct d1stal t� the duct of
· ,irsung, and therefore concluded that these stones funn
ed as the result of stasis and the reflux of pancreatic
secretions.

Andrews, Goff and Hrdina (1932) experiment.

ally injected pancreatic ju..1ce into the dog's gallbladder.
They found a marked increase in the permeability of the
gallbladder wall to bile salts, which were rau1dly ab
sorped while the cholesterol content of the bile remain
ed the same.

In vitro they could demonstrate no destruc

tion of bile salts PY pancreatic ju ce and therefore
concluded that the effect of pancre�tic juice on the
gallbladder wall is to produce a selec-t1ve absorption
of bile salts.

Carter et al in 1939 found suggestive

evidence in a series of 2}9 operative gallbladder cases.
He was able to demonstrate pancreatic ferments present

in the bile in 59 per cent of those gallbladders conta1n1ng calculi.

However, pancrea�ic ferments were also

oresent in 53 per cent of the non-calculaus gallbladders.
Sweet 1n 1938 also felt that the reflux of pancreatic
juices may be an etiological faQtor in causing the pre
c'p1tat1on of cholesterol.
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COLLOIDS
According to Schade (1928), the co1lo1dal theory
of gallstone formation originates with Hippocrates and
Galen, who attributed the formation of gall and urinary
stones to- an accumulation of mucus, which clings to the
organ and permits the stone to form.

Schade refers to

the work of Naunyn in 1892, in which he made a basic
investigation of g allstones from a clinical point of
view.

Naunyn was the first author to regard the soft

myelin-like balls o r c olesterol found in the gallbladder
as the »orecursors o! g�lls�ones".
Ln d1sc4-5sing the mechanism of formation of the
cJ·olesterol-pigment-cal:cium stone, A..,choff (1924) says,
"If one removes the crystaline masses by chloroform or
ether, there remains a orotein framework which shows
the same radial and concentric lamellation as the stone.
This prote:n framework is practica,ly entirely missing
in the pure radial cholesterin stones.

From this the

most important conclusion as to the origin of the chol
esterin-p1gment-calcium stones may be drawn:

The chol

esterin-p igment-calclum stones originate only in a med
ium rich in orote1n, the coarsely columned pure c·holes
terin stones only in a medium poor in protein.

There

is a difference in the arrangement of the crystals of
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cholesterin -in the one instance in fine columns,
in the oth9r in coarse columns.

There is also a differ

ent arrangement of the crystallized masses - in one
case radial-concentric, in the other case confusedly
Both these differences mue-t

thrown wlth one another.

depend on the different make-up of the colloidal medium
within -which the crystallization takes place. 0

Later

he states, ''At a ll events, the necessary cond1 tiona for
crystallization from the bile are furnished PY the
changes in the colloidal solubility relations, by the
more marked admixture of calcium, by the presence of
numerous centers of crystallization 1n the form of
leucoeytes, disintegrated masses of epithelial cells,
etc."
Many other authors have also suggested a colloidal
theory -of gallstone formation.

The work of Weiser and

Gray {1932) is outstanding 1n this field of investiga
tion.

These workers were able to produce cholesterol

p1gment-calcium stones in vitr-0.

These stones resembled

very closely the inflammatory stones of the ht.Ullan gall
bladder.

They were produced from bile pigment, choles

terol and gelatin.

Since gelatin does not occur natural

ly, they also prepared synthetic stone_s using fibrin as
the colloidal material.

They exnla1n the formation of

these stones 1n the human in this manner:

39 •

"Inflammation

yields irreversibly precipitated protein materials,
such as fibrin and albumin.

Pathologic changes bring

about the precinitation of the cholesterol, carrying
calcium w1th it, the nature of the precipitate depending upon the amount of hydrophilic collo1d present.
Into this mass the colloidally dispersed bile pigments
diffuse and are precipitated 1n the form of rythinie
bands.

The structure and arrangement of the bands 1s

influenced by the sha�e of the mass, its density due
to the pressure of other stones, and by variations in
the comuosition of the bile f1u1ds. 11
the concentric ring� 1n the

11

They state that

cor.imon gallstones" of

inflammatory origin are not the result of the deposition
o;f" alternate light and dark colored layers, but a man
ifestation of the Leisegang phenomenon. According to
Robertson {1945) this "phenomenon was clearly demonstrated
by Leiaegang in 1896, when he observed the formation of
rings of silver ehr0mate after a -solution of silver
nitrate was permitted to diffuse into jelly containing

potassium bichromate. 0

· Sweet (1929) states that in the Liesegang ohenome
non in gallstones the structure must arise as a mass
composed of at least two substances, one of which must
be in the colloid state.

A third substance capable of

producing chemical reaction with one of the former must
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be present to result in a precipitate constituting the
colored rings.

In the gallstone he suggests that-a mass

or cholesterol and calcium in the colloid state consti

tutes the basic formation.

This plastic mass is molded

into a form determined by the internal anatomy of the
gallbladder and by the presence of nreviously formed
stones.

B111rubin is the substance referred to above

which, in his opinion, reacts with calcium to form a
urecipi tate_.

Rythmic pre-0ipi tat1on of this compound

forms rings of various colors, and results in the
shifting or the cholesterol from the colloid to the
crystallold state, as evidenced by the regularity with
which the long axes of the cholesterol crystals bisect
the rings from periohery to center.
Schade (1928) does not feel that the concentric
s tructure of the common i nflammatory gallstone le an
ex&�ple of the L1esegang phenomenon.

He states that

lf the initial formation of layers in concrements were
by apposition, then it would be possible to have Liesa
gang's rings developed from secondary processes.

Accord

ing to Schade, in order for Liesegang's rings to develop
in true form, that ls, in regular lines, the diffusion
of the colloidally dispersed bile pigments must take
ulace in precipitated cholesterol, �hich has no points
of resistance to diffusion.
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However, "the colloid

framework of the layers contains such points, due to
the large amount of crystalloid precipitate irregularly
included.

Should a process resembling the Liesegang

type occur secondarily, very irregular lines m ust be
expected; but they are not found.

This argument alone

is enough to rule out LiAsegang·1 s rings as the cause of
concentric structure."

Instead he feels that layered

stones develop because of gallbladder inflammation.
This produces masses of albumen which carry with them,
on precipitation, calcium bilirubinate.

"Because of

the presence of the albumen-calcium-bilirubin nuclei,
the cholesterin cannot unite into a solitary stone; it
is layered about these nuclei.

As the stones grow, and

the gall-bladder cavity becomes filled

it� them, they

press against each other and form layBred, rather than
radiating masses of cholesterin."
Weiser and Gray (19-34) produced crystallization of
cholesterol from an emulsion of cholates, fat and chol
esterol, by either decreasing the ·hydrogen ion concen
tration or q.rying.

They st.a.tao; t.ha.t, a-odium glycochola.te

forms an emulsigying film with fat, and thus holds
lar�e amounts of cholesterol in colloidal dispersion,
by furn1sh1na: t'1e lar�e surface on which ml-nute particles
of cholesterol are adsorbed and prev2nted from settling
out.
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SUMMARY AND CONCLUSIONS
The exist.ence of different ty-oes of stones in the
human p;allbladder is in 1tsel:f stron� evidence of the
existence of different mechanism of formation.

The

principal theories of gallstone formation have been
reviewed.

Stasia of bile in gallstone formation remains

a factor of undetermined importance.

The majority of

investigators feel that it plays a role, but they do
not agree as to its necessity.

Pregnancy does not

appear to be a significant factor.

An increase in

blood cholesterol has not been nroven to result in
increased bile cholesterol.
The basic mechanism annears to be an alteration
in the phys1co-chem1cal status of the bile.

Fats and

fatty acids are the most imoortant of the bil� substances
conc�rned 1n holdin� cholesterol 1n solution.

Bile salts

and acids act as emulsifying agents for the fats and
possibly for the cholesterol of the bile.

A disturbance

in the relationship of these substances resu1ts in the
precioitation of c-bolesterol and in stone formation.
This disturbance may result from altered c0nccntration,
change in pH, or addition of foreign substances, par
ticularly urote1n •.
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Infection and irritants (for examole, pancreatice·
ferments) are capable of producing changes in the gall
bladder wall which permit a decrease in the bile salts.
Inflammation also results in the introduction of protein
into the bile.

In addition to producing a disturbance

of the bile equilibrium, protein furnishes a framework
for the inflammatory stone.
It is probable that the factors responsible for
stone formation are active over a relatively short
period of time.

The etiology of gallstones mi�ht be

clarified by an investigation of the conditions p�e

vailing in the gallbladder during the early stages of

stone formation.
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